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ABSTRACT 
Patellofemoral motion is significant clinically, yet in the literature many different methods 
and terminologies are used, thus making comparison between papers difficult. The aim of this 
study was to review and explain the different methods used for the description of 
patellofemoral joint motion, compare these methods by experimentation, and propose a 
standardised method. We found three main methods for describing patellar motion: motion of 
the patella about femoral body fixed axes, about patellar body fixed axes, or a combination of 
these. Description about femoral body fixed axes does not make sense clinically. Description 
about patellar body fixed axes is straightforward, yet the definition of these axes is prone to 
error due to the lack of anatomical landmarks. The combination method makes most sense 
clinically and uses more easily found anatomical landmarks. Patellar flexion varied by up to 
26% when describing the motion about different axes. Tilt and shift were highly sensitive to 
the choices of coordinate systems and the axes of motion. The pattern of rotation was 
consistent between all methods, however, differences between the methods increased with 
patellar flexion. We propose the description of patello-femoral motion in terms of shift (along 
a femoral medial-lateral axis), tilt (about the patellar long axis), rotation (about a floating 
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1 INTRODUCTION 
Patellofemoral joint motion is of clinical interest, because of the large number of cases of 
patellofemoral disorders related to abnormal motion of the patella relative to the femur [8]. 
There are many papers in the literature that have attempted to describe patellar motion in a 
variety of situations, such as pre-and post-surgery, rehabilitation, in vivo, or in vitro, and pre- 
and post-total knee arthroplasty. Comparison between papers and validation of individual 
papers is difficult, because of the many different methods used to describe patellofemoral 
motion.  
The aims of this paper are to review the different methods used for the description of 
patellofemoral joint motion, to compare these methods by experimentation, and propose a 
standardised technique. Others have analysed patellofemoral motion and sought to find a way 
of describing the motion that minimised inter specimen variation [3]. Although this paper is 
not addressing this important point, there may be scope for including the findings of 
Blankevoort and colleagues with the work presented here. 
2 METHODS USED TO DESCRIBE PATELLOFEMORAL JOINT 
MOTION 
The literature concerned with patellofemoral joint motion can be divided into two types: 
those that describe the motion of the patella relative to the femoral groove; and those that 
describe the motion of the patella relative to a fixed-body axis. The former are primarily 
imaging studies and will be dealt with briefly. This paper is more concerned with the latter, 
which can be described as six degree-of-freedom joint motion. Although this paper is 
concerned with patellofemoral motion, many of the papers reviewed have measured 
patellofemoral position at different points in time without reference to the dynamics of the 
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joint. If the increments of position are small enough, then the description of motion may be 
acceptable. Patellar positions measured ‘statically’ may be different to those found 
‘dynamically’, due to differences in muscle activity [4], and other factors such as direction of 
travel [14]. The exact rôle of speed of knee joint flexion-extension is undefined. 
2.1 Describing tracking in terms of the femoral groove 
Patellar motion and geometry have been studied using radiography, computerised 
tomography, static and dynamic MR imaging, and ultrasound in an attempt to find their 
relationship to anterior knee pain. Skyline radiographs or mid-patellar section by CT/MRI 
have been used to describe the patellar position relative to the femoral condyles or 
intercondylar groove, at different angles of knee flexion and with different loading conditions 
(partial weight-bearing or non-weight-bearing, with or without quadriceps contraction) [2]. A 
few studies have used ultrasound scanning to investigate malalignment of the patella 
[13,20,28]. Many parameters have been mentioned in these imaging studies, with the 
following most popular ones: sulcus angle, describing the geometry of the femoral articular 
surface; Merchant’s congruence angle, a measure of lateral displacement and tilt of the 
patella; lateral patellofemoral angle and lateral patellar tilt angle denote the patellar tilt; both 
lateral patellar displacement and the bisect offset describe lateral patellar displacement [2] 
(Figure 1). The fact that most of these imaging studies were either done statically or without 
weight bearing is one of their disadvantages. 
Figure 1 
For the past ten years kinematic CT and MRI have been used to investigate the patellar 
motion during dynamic knee joint movement [4,22,27]. A significant drawback of the 
imaging studies has been the inability to describe the patellar motion in 3-dimensional space. 
All the parameters mentioned above describe two components of patellar motion: tilt, that is 
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rotation about the supero-inferior axis of the patella, and lateral displacement, that is 
translation along the medio-lateral axis. Although CT, MRI, and ultrasound have the potential 
to show the 3-D relationship of the patellofemoral articulation, this has yet to be developed so 
that it can be used as a clinical tool. Sheehan et al. [26] showed that 3-D volume acquisition 
over the tracking cycle can be achieved by integrating velocity images. This promising 
technique requires 128-256 flexion/extension motion cycles that renders it incapable of being 
used clinically without further refinements and a significant reduction in the number of cycles 
required.  
2.2 Coordinate Systems 
Other quantitative techniques describe patellar motion along predefined axes and arbitrarily 
assign positive and negative values to specific directions of motion.  The choice of axis can 
influence both the magnitude and perceived direction of motion and thus, the choice of axes 
is crucial. Comparison between existing reports in the literature is hindered by differences in 
these factors. Once the various techniques are clarified, a proposal for a standardised method 
can be made.  
3 PATELLOFEMORAL MOTION 
Patellofemoral motion is a full six degree-of-freedom (dof) motion. This means that the 
patella is not constrained in its motion, as is, for example, a fixed hinge joint. Therefore one 
may describe the motion of the patella as translations along and rotations about any axis and 
this can be related to the position of the femur. Of these six dof, four can be correlated with 
perceived clinically important motion variables:  tilt, rotation, flexion, and shift. These are 
three rotations, and one translation. Anterior-posterior and proximal-distal translations are not 
clinically useful and these not usually referred to in the literature, although patellar position 
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along these axes is significant, such as patella alta or infera. These clinical components of 
motion do not immediately relate to the position of the femur, they are concerned with the 
position of the patella in space. How the position of the patella in space relates to the position 
of the femur, or the local geometry of the trochlear groove, is a function of the definition of 
the description of patellofemoral motion, and relates directly to the clinical understanding of 
joint motion. 
Three key variables must be accounted for to enable full understanding of the description of 
patellar motion: 
1. In describing tilt, rotation, flexion and shift, what convention is used to describe the 
positive direction? This must correspond to clinical practice. 
2. About and along which axes (patellar, femoral, or even tibial) do the rotations and 
translations occur? 
3. What is the zero position of these motions? 
In answering the above questions a few explanations of six degree of freedom motion need to 
made. Numerous techniques have been used to describe six-dof motion. The most commonly 
used methods in biomechanics are the use of the helical axis, and body-fixed axes [5]. 
Description of joint motion using the helical axis does not facilitate clinical description of 
motion, although it is elegant mathematically, whereas using body-fixed axes allows 
straightforward correlation between rotations about and translations along the body-fixed 
axes. These body-fixed axes are not necessarily mutually perpendicular (they are sometimes 
skewed), although to enable simple mathematics, they are most frequently described as 
mutually perpendicular [21]. Therefore, to describe patellar and femoral body-fixed axes, one 
only needs to describe the origin of the axis system, and the direction of two of the axes. The 
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third axis is perpendicular to the other two. This is how the body-fixed axes are described 
below. 
3.1 Direction of patellofemoral motion 
In the literature, many techniques have been used to describe the direction of patellofemoral 
motion, the clearest of which is patellar flexion. Flexion of the patella is positive when the 
distal apex of the patella moves posteriorly relative to the proximal pole for angles of flexion 
of less than 90°. This is positive flexion (Figure 2a), following the flexion of the tibia.  
Figure 2 
Note that, although motion is different, in all three cases the patella can be said to have 
flexed. A more complete description can be given when the axes of motion have been 
described (this is discussed in the next section). 
Patellar tilt is a rotation that occurs about an axis that is proximal-distal in the patella, and has 
been described in the literature as tilt (lateral or medial) or internal-external rotation [17,32]. 
Lateral tilt is equal and opposite to medial tilt. Tilt on its own is not descriptive and cannot be 
used uniquely without further explanation. Tilt is defined as being lateral when the lateral 
edge of the patella rotates towards the femur relative to the medial edge of the patella. 
(Figure 2b). This corresponds to external rotation, as used by Lafortune [17], in that it follows 
the usual description of tibial rotation when the knee is extended. 
Patellar rotation is normally reserved to describe a rotation about an axis perpendicular to the 
plane of the patella that is approximately coronal in extension, although this is dependent on 
the definition of the axes of motion, which is discussed below. This has been called 
abduction/adduction, twist, medial rotation, or lateral rotation in the literature. Lateral 
rotation is equal and opposite to medial rotation. Rotation is lateral when the patellar apex, 
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i.e. the distal pole, moves laterally relative to the proximal pole (Figure 2c). This corresponds 
to abduction, as used by Lafortune [17], in that it follows the usual description of tibial 
abduction. 
Patellar shift is the translation of the patella along a medial-lateral axis. Medial patellar shift 
is equal and opposite to lateral patellar shift. Patellar shift is lateral when the patella moves 
laterally relative to the femur as shown in Figure 2.  
3.2 Axes of motion 
It is apparent from the above that the description of the components of motion of the patella is 
missing the exact definitions of the axes along or about which the motions occur and the 
origin of the motion (that is, the zero position). In the literature, there are a number of 
significantly different ways in which these axes have been defined. These are discussed below 
and a critique is included. To begin, it is necessary to define the body-fixed axes of motion, 
and then define the axis about or along which the patellofemoral motion occurs. Finally, the 
origin of that motion needs to be described. 
3.2.1 Femoral Body-Fixed Axes 
Femoral body-fixed axes have been discussed widely in the literature with reference to tibio-
femoral motion [5]. These can be mutually perpendicular axes, or skewed, as explained 
above. Typically these axes are described as either mechanical or anatomic [21]. The 
difference between these is that the long proximal-distal axis of the femur is either the 
‘mechanical axis’, passing from the centre of the knee joint to the centre of the femoral head 
[11], or the ‘anatomical axis’ of the femur [17], which passes from the centre of the knee 
along the shaft of the femur (Figure 3). The mechanical axis is a functional axis as it is related 
to the function of the lower limb in gait. The anatomical axis is related neither to the function 
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of the lower limb, nor the articular geometry of the patellofemoral joint. It is a description of 
the direction of the linear portion of the femoral shaft. 
Figure 3 
Perhaps a more relevant definition of the femoral long axis when describing patellar motion 
would be the direction of the femoral groove in the plane of either the mechanical or 
anatomical long axes, as shown in Figure 3. The definition of this axis is not consistent in the 
literature with values ranging from 15° [30] to 2° [18] from the mechanical axis. It is difficult 
to obtain this information as the groove is curved and slightly different definitions of this axis 
have been used. One of the reasons for this is that imaging data of the groove geometry from 
x-rays is not consistent with the geometry of the articular cartilage [31] 
The medial-lateral axis of the femur has been described in several ways: parallel to a line 
joining the medial and lateral epicondyles [21] or parallel to a line joining the posterior points 
of the femoral condyles [11,17], or passing through the centres of the spherical posterior parts 
of the femoral condyles [16]. It has been shown that the choice of this axis will significantly 
affect the values obtained for certain components of patellar tracking [3]. The anterior-
posterior axis of the femur is most often described as being mutually perpendicular to the 
other two axes. These definitions need to define both a direction, and a position. Not all these 
axis descriptions include a definition of the position of the axis relative to anatomical 
landmarks. They mostly use definitions of the direction of the axis and constrain this axis to 
pass through the ‘centre of the knee’, which can be described in many ways.  
3.2.2 Patellar Body-Fixed Axes 
Patellar body fixed axes have not been fully explored in the literature. Perhaps this is because 
anatomical landmarks defining the axes of motion are difficult to identify. One way that 
researchers have overcome this difficulty is by identifying the centre of the patella, and then 
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aligning the axes of the patella with the femoral coordinate system in extension [15,32]. This 
doesn’t allow patellar tracking pathologies near knee joint extension to be identified, because 
the assumption is made that the patellofemoral joint is in the correct alignment at extension. 
Also, this is fraught with experimental difficulties, because the loading at extension has a 
large effect on the position of the patella relative to the femur. This means that simply 
aligning the axes at extension also requires a full definition of the loading applied. This 
loading is hard to quantify in vivo, and hard to apply in vitro. Another technique has been 
used, in which the external anatomical landmarks on the patella are used. Various different 
techniques for doing this are described in the literature: Sakai et al. [24] digitised two points 
on a medial-lateral axis (not described in full), a third point on the proximal pole, and the 
centre of the patella. Several authors digitised the medial-lateral axis and proximal-distal axis 
by the most prominent proximal/medial/distal/lateral points on the patella [7,9,23]. Being 
points located through the skin, these have an indirect relationship to the articular geometry, 
which must be further quantified if contact conditions are of interest. Nagamine et al [19] 
used a mechanical device that was fixed parallel to the anterior surface of the patella. The 
centre of the patella was defined as half way between the most medial and lateral points of the 
patella. All motions were measured relative to these fixed points. Other techniques have used 
x-ray anatomical landmarks, by taking sagittal and coronal images, and then the long and 
medial-lateral axes of the patella can be located relative to tantalum markers [33] or by 
deducing rotations from the position of the patellar apex on x-rays [29]. There are others in 
the literature who have not fully described the location of the patellar fixed-body axes, and 
therefore comparison with other data is difficult [1]. 
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3.2.3 Definition of motion relative to the body-fixed axes 
There are three main methods for describing patellar motion used in the literature. These are 
in terms of rotations about and translations along femoral body fixed axes, or patellar body 
fixed axes, or a combination of the two. These are described below. 
3.2.3.1 Patellar motion in terms of femoral body fixed axes 
In this technique, shift is defined as the movement of the patella (most frequently, the centre 
of the patella) along the femoral medial-lateral axis. Lateral rotation is defined as the rotation 
of the patella about the femoral anterior-posterior axis. This can cause some confusion, in two 
ways: first, because an isolated lateral rotation of the patella about this axis (which is shown 
in Figure 4) does produce a lateral movement of the patellar apex relative to the proximal 
pole (Figure 2), although this is an absolute medial movement of the proximal pole, where 
the patellar apex doesn’t translate much at all. Second, because after the patella has flexed 
90°, this lateral rotation actually is clinically described as tilt. Lateral tilt is the rotation of the 
patella about the femoral long axis and, similar to rotation, when the patella has flexed 90°, a 
rotation about this femoral long axis is clinically described as rotation. Patellar flexion is the 
rotation of the patella about the femoral medial-lateral axis (Figure 4). 
Figure 4 
3.2.3.2 Patellar motion in terms of patellar body fixed axes 
Shift is defined as the movement of the patella along the patellar medial-lateral axis. Rotation 
is defined as the rotation of the patella about the patellar anterior-posterior axis. Tilt is the 
rotation of the patella about the patellar long axis; patellar flexion is the rotation of the patella 
about the patellar medial-lateral axis (Figure 5). This definition is clearly unsatisfactory. For 
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example, a tilted patella will move in a different direction when it shifts than if it were not 
tilted. 
Figure 5 
3.2.3.3 Patellar motion in terms of femoral and patellar body fixed axes 
This method is a combination of the two techniques described above, and is the most 
commonly used method in the literature. There are a number of variations possible but only 
one will be presented here as the most commonly used example [12]. Shift has been defined 
as the movement of the patella parallel to (i.e. along) the femoral medial-lateral axis; rotation 
as the rotation of the patella about a floating axis parallel to the patellar anterior-posterior axis 
and perpendicular to both the femoral medial-lateral axis and the patellar long axis; tilt as the 
rotation of the patella about the patellar long axis and patellar flexion as the rotation of the 
patella about the femoral medial-lateral axis (Figure 6). 
This method corresponds closely to the Grood and Suntay [11] method used for describing 
tibio-femoral motion where tibial abduction/adduction corresponds to patellar lateral/medial 
rotation, and tibial rotation corresponds to patellar tilt. This is essentially a three cylindric 
open chain representation of the patello-femoral joint [21]. 
Figure 6 
3.2.4 Origin of motion 
A discussion of the origin of motion (zero position) is included for completeness. This is a 
difficult concept to define or reproduce, because the zero positions are highly dependent on 
the experimental conditions, and on the articular and soft-tissue geometry. Many researchers 
use an arbitrary position at which to zero all rotations and translations. For example, the 
definition of axes employed by van Kampen et al [32] makes all rotations zero in extension, 
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by aligning the femoral and patellar axes at this point. The lack of positive patellar location at 
this position would suggest that another zero position may be more reproducible. Imaging 
studies, however, do not impose these arbitrary constraints, and use anatomical geometrical 
measurements to obtain the position and orientation of the patella relative to the femoral 
groove. A further complication with this definition arises from the significant effect of muscle 
tension/relaxation on patellar position when the knee is extended. Perhaps the more 
comprehensive methods of imaging the joint combined with measuring and describing the 
motion according to a body-fixed axis technique will allow better comparison between 
papers, although further discussion is required. 
In summary, most papers in the literature measure relative changes in position from an 
arbitrary origin. Either this origin and the loading conditions on the joint must be 
standardised, so that comparisons between papers may be made, or this origin can be related 
to the geometry of the patello-femoral joint or other anatomical features in the distal femur, in 
each case, so that individual results may be understood in geometrical terms.  
3.2.5 Discussion on Description of Motion 
The three methods for describing patellar motion give different values for the separate 
components of motion when describing the same motion. Also, within each method for 
describing patellar motion the variations in the definition of the axes of motion can also cause 
significant differences in patellar tracking data [3,10]. This means that comparison between 
papers that are measuring the same things, but describing them in different ways, is difficult. 
Furthermore, if using a femoral fixed axis system, the nature or definition of the patellar 
movements changes progressively as the knee flexes, when considering rotations about the a-
p and long axes, between patellar tilt and rotation; this is confusing when communicating 
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with clinicians even if the method is a unique description of the motion. Therefore, a 
numerical comparison between the methods is made below, based on experimental data.  
4 NUMERICAL COMPARISON BETWEEN DIFFERENT METHODS 
USED TO DESCRIBE PATELLOFEMORAL MOTION 
Based on the analysis and review above an experiment was conducted to show how different 
definitions of the description of motion and the axis systems used would lead to different 
results for patellar rotations and translations in a typical knee, across a range of 0-90° knee 
joint flexion. 
A single cadaveric knee was mounted in a patellar-tracking rig [25]. An electromagnetic 
device was used to measure the motion of the patella relative to the femur [6]. The following 
anatomical landmarks were digitised: medial and lateral femoral epicondyles, most posterior 
points on the medial and lateral femoral condyles, two points along the anatomical long axis 
of the femur, the ‘centre of the knee’ which was defined as the deepest point of the femoral 
patellar groove as it meets the intercondylar notch of the femur, and the deepest point of the 
femoral groove at its most proximal point [11]. The patellar points used were the most 
medial, lateral, proximal, and distal points on the patella. 
From these points the following axes were defined: 
Femur: Long axis: Anatomical, Groove  
 Medial/Lateral Axis: epicondylar axis, posterior femoral condylar axis 
Patella: Long axis, and medial/lateral axis. 
A normal tracking pattern was obtained by flexing and extending the knee joint with no 
constraints and with a single load of 20N applied to the patella via the central quadriceps 
tendon to simulate the quadriceps mechanism. The resultant motion was measured and the 
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description of motion computed using the combinations of femoral and patellar axes 
described above. 
4.1 Results 
All results are compared to the results obtained for the combination method using the femoral 
epicondylar axis and the anatomical long axis. Figure 7 displays the extreme variation 
achieved when describing the main components of motion using the different techniques.  
Flexion: Patellar flexion varied by less than 1° over the whole range when describing the 
motion about either of the femoral medial-lateral axes. When using the patellar medial-lateral 
axis the maximum error was at the highest angle of patellar flexion (11.7°).  
Tilt: both the choice of coordinate systems and the axes of motion affected the values of tilt. 
These difference increased as the knee joint flexed. Over a range of 3.5° tilt when using the 
combination method of describing the motion, a range 11.1° tilt was described using a 
description of patellar tilt about the femoral long axis. 
Shift: The definition of the femoral medial-lateral axis had a small effect on the values of 
patellar shift; however, the shift pattern was the same. These differences were less than 1mm 
in a range of 2.2mm of shift. When the patellar medial-lateral axis was used to describe shift, 
the pattern of shift was altered and the maximum differences in describing shift were 22mm. 
Rotation: The pattern of rotation was consistent between all methods, however, with 




4.2 Discussion on the numerical comparison 
These results show that a normal tracking pattern may be described in very different ways 
when different axes of motion and choice of coordinate systems are used. Quantitative 
comparisons cannot be given in general, because of the differences in geometry between 
specimens, which means that offsets between different axes of motion will occur. This means 
that a simple ‘conversion‘ factor cannot be used to transpose from one method to another. 
Therefore, we have included below a proposal for the future, to enable comparisons between 
different research outputs to be made. 
5 A PROPOSAL FOR THE FUTURE 
There are three areas that can introduce either confusion, or differences in quoted values for 
clinical motion with regard to any joint motion, and patello-femoral motion in particular. We 
include a proposal for the future so that work can be compared and understood without any 
ambiguity. 
5.1 Clinical motions 
We propose the description of patello-femoral motion in terms of shift, tilt, rotation and 
flexion, where the definitions of these are as above. The motions are shown in Figure 6 and 
can be summarised as: 
• Shift is the medial or lateral movement of the centre of the patella along a medial-
lateral axis defined as either fixed to the femur or patella, 
• Tilt is the angular position of the patella about its own long axis, where lateral tilt 
follows the sense of external tibial rotation, 
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• Rotation is the angular position of the patella about an axis parallel to its own 
anterior-posterior axis, 'tethered' to the femoral medial-lateral axis and the patellar long axis 
as a three-cylindric open chain mechanism, where lateral rotation follows the sense of 
abduction in tibio-femoral motion, 
• Flexion is the angular position of the patella about a medial-lateral axis defined as 
either fixed to the femur or patella. 
 
We suggest that other terms, such as abduction (for rotation) and internal/external rotation 
(for tilt) are not used, because this causes confusion. 
5.2 Axes of motion 
Due to different measurement techniques, protocols, experimental limitations and aims of 
individual research programmes it is not possible for everyone to use the same definition of 
the axes of motion. However, we suggest that each paper describing patello-femoral joint 
motion defines the axes used and quantifies the relationship between their axes and one of the 
standard methods described here. These can be described as: a femoral system based on 
mechanical, anatomical, or femoral groove axes; a patellar system based on either the femoral 
system in extension, or anatomical landmarks. Knowing the axes of motion it is then 
necessary to also describe how the clinical motions (proposal included above) relate to these 
axis systems. Again, these can be described in three ways: patellar motion relative to the 
femoral body-fixed axes; patellar motion relative to the patellar body-fixed axes; patellar 
motion relative to a combination of the above. If the third technique is used, then a fuller 
explanation is needed, because different combinations are theoretically possible. For example, 
the three-cylindric open chain mechanism could consist of a floating axis that is connected to 
a patellar medial-lateral axis and a femoral long axis.  
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Certain descriptions should not be used, in particular, describing patellar rotation and tilt 
relative to femoral axes. These cause confusion, because, although the description of motion 
will be unique, the way in which these terms relate to the clinical terms is ambiguous. At 90° 
of patellar flexion the rotation of the patella about its long axis will correspond to a rotation 
about the femoral anterior-posterior axis. This would be described as patellar rotation, where 
in clinical use this is understood as patellar tilt. Similarly, at 90° flexion a rotation of the 
patella about its anterior-posterior axis will correspond to a rotation about the femoral long 
axis. This would be described as patellar tilt, where in clinical use this is understood as 
patellar rotation (Figure 8)  
Figure 8 
5.3 Origin of motion 
Because of the difficulty in obtaining a consistent origin of motion for patellar position, we 
do not suggest a standardised approach. We propose that the zero position must be defined 
clearly for each experiment, including the loading conditions on the joint, such as quadriceps 
loading/direction and angle of knee joint flexion, for example. The question of the zero 
position relates back to the function of the extensor mechanism. Therefore, a possibility is 
that the zero position should be related to the position of the femoral axis, or even to the 
position of the mechanical axis of the knee during gait. Another approach would be to 
describe the zero position as a function of the articular geometry of the patellofemoral joint. 
Because of the wide variability of gait patterns and articular geometry it would be difficult to 
define a useful standard for the origin of motion. This should be the subject for further work. 
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6 SUMMARY 
In this paper different methods used to describe patellofemoral joint motion have been 
reviewed and discussed. Terminology present in the literature was compared, and 
standardised terminology was proposed describing patellar motion in terms of shift, tilt, 
rotation and flexion. Differences in the description of patellar motion, that were caused by 
using different coordinate systems were quantified experimentally for a typical knee, and a 
proposal presented in which patellar motion is described about and along the femoral medial-
lateral axis, and about the patellar long axis, and a floating axis parallel to the patellar 
anterior-posterior axis and perpendicular to both other axes.  
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Fig. 1 Description of patellar motion relative to the femoral groove. These descriptions are used primarily in 
imaging studies and relate the position of the patella to the articular geometry. 
Fig. 2 Description of patellar motion. The solid lines represent the initial position of the patella, the dotted lines, 
the second position. 
(A) Patellar flexion. In all these cases flexion is positive, because the distal apex of the patella has 
moved posteriorly relative to the proximal pole of the patella, even though the axis of rotation may not be at 
the centre of the patella. 
(B) Patellar lateral tilt. Tilt is lateral when the lateral edge of the patella rotates towards the femur 
relative to the medial edge of the patella. 
(C) Lateral patellar rotation. Rotation is lateral as shown, with the distal pole moving laterally with 
respect to the proximal pole. 
(D)  Lateral patellar shift. Shift is lateral as shown. 
Fig. 3 Femoral mechanical, groove, and anatomical axes. The mechanical long axis runs from the origin of the 
coordinate system at the centre of the knee through the centre of the femoral head, while the anatomical long axis 
passes along the shaft of the femur. The groove axis is not clearly defined. 
Fig. 4 Patellar motion in terms of femoral body fixed axes. 
Fig. 5 Patellar motion in terms of patellar body fixed axes. 
Fig. 6 Patellar motion in terms of a combination of femoral and patellar body fixed axes. This is a three-cylindric 
open chain representation of the patello-femoral joint with the joint translation and rotation axes coincident. 
Fig. 7 Variation in the description of components of patellar motion compared to the ’ideal’ combination method 
of describing patellofemoral motion, represented by solid lines. 
(A) Patellar flexion/extension cycle 
(B) Tilt.  
(C) Shift. 
(D) Rotation. 
Fig. 8 Tilt and rotation of patella at 0° and 90° flexion displaying the ambiguity when using femoral axes. 
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